Functional redundancy
In the introduction we stated that we want to explore the position of the ClC proteins in the complex network of membrane transport and solute fluxes. This study shows that this is a complicated task. First of all, the most important problem seems to be the absence of obvious phenotypes for single mutants. It requires creativity of the scientist to generate conditions that evoke phenotypes. However, even the breeding of double and triple mutants is no easy road to success (Chapter 2). Appearently, the ClC channels exhibit high functional redundancy.
We started from the rational that the ClC proteins have a clear function in either A nice example of this type of redundancy is shown in Chapter 5. In this chapter it is shown that Ca 2+ can not alleviate Cd 2+ -induced reduction of root growth if AtClCa and AtClCd are both absent. The currently favored model for explaining our observation is, that Cd 2+ toxicity is countered in two ways: 1) Ca 2+ protects the plant by competing with Cd 2+ for essential sites in enzymes and transporters and 2) Cd 2+ is sequestered in internal compartments (vacuole), rendering them harmless. We propose that in the latter mechanism ClC proteins play a role as shunts by allowing generation of a PMF across intracellular membranes and the transport of Cd 2+ across these membranes (Chapter 5). In Chapter 1 ( Root growth as studied in Chapters 2, 3 and 4 showed also that the main functions of the ClC proteins are electrical circuits, which allow the generation of a PMF to drive the uptake of osmotically active solutes or stimulate the capacity to acidify the apoplast and thus facilitate cell expansion.
Intracellular localization of the ClC proteins
Although we do not need the exact localization of the ClC proteins in the model proposed in Chapter 5. It remains an important issue for understanding the roles of these proteins. And, as proposed above, if ClC proteins can functionally be replaced by proteins that are not related to them, localization can become an important issue.
As suggested by the articles of Moore and Murphy (2009) and Millar et al. (2009) localization studies are difficult and need a careful approach. Presently only the paper 
Final conclusions
The study of ClC proteins is a complicated one. They seem to play a role in different processes (osmo-regulation, detoxification, cell expansion, and maybe more). Roles that are so important in plant cells, that several protein systems exists which can fulfill these roles next to the ClC proteins. Functional studies on these proteins require, next to creativity of the researcher, very specific conditions in the experiments (for instance Ca 2+ alleviation of Cd 2+ effects) to observe phenotypes.
Several important issues remain to be studied: the role of the two CBS domains and the role of ATP binding in the functioning of ClC proteins as shunts and osmoregulators. Also important for plants is the strictness of the duality of ClC proteins as specific Clor specific NO 3 transporters and the strictness of the duality as channels or H + -cotransporters. The study of the ClC protein family will remain a challenge for researchers in the coming years and, very likely, will yield unforeseen and surprising results.
